A smart phone can work as a Web server. Phone owners can access/update the content of their phones with a standard Web browser, and join a P2P system as a client or server. Thus, they can share resources with other people. New applications can be developed using the new concept, and corporations can improve their processes. Examples are provided in this paper.
INTRODUCTION
Google successfully entered the mobile phone market with the new operating system, "Android," which has brought it into competition with other big companies such as Apple (iPhone) and Microsoft (Windows Mobile) about two years ago. The reason for joining the crowded market is obvious -the revenues from mobile phone sales are huge, and the potential for future application development is extremely high. There are more mobile phones than computers worldwide because of the lower cost and mobility of the former. However, many difficulties exist in mobile phone application development compared with that of computers. Although we may think of mobile phones as pocket computers, they have a number of weaknesses when compared with ordinary computers. These problems include the following:
• Much smaller screen size.
• Smaller keyboard and fewer keys. Thus, input speed is much slower.
• Slower CPU speed.
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• Relatively smaller memory.
• Too many operating systems [16] , for example, Window Mobile, Symbian, Linux, Android, and so forth. Different vendors support different kinds of development tools. Hence, it is very difficult to port a software package to a different platform. The above mentioned problems could be minimized by integrating mobile phones into normal computer systems, especially peer-to-peer (P2P) systems [7] . In other words, resources could be shared among mobile phones and computers. We discuss the two latest developments that could make this happen -Mobile Web Server [5] and a Power Sharing P2P Prototype. [8] 2. MOBILE WEB SERVER "Mobile Web Server" is an open-source project [5] , other phone manufacturers can port this package to their phones without paying a license fee. After installation of the software package, a phone can be used simultaneously as a Web server and phone. In addition to providing ordinary Web server functions, the phone can perform the following functions.
• Owners can write blogs with the phones.
• Owners can access/update the content of their phones wirelessly with an ordinary PC Web browser. • Authorized users who have access to any Web browser can request a remote mobile phone to take a picture with the phone's camera. The owner does not need to push any button on the phone. • With an Internet browser, any authorized remote users can:
■ view the phone's image gallery. ■ leave a message on the phone. ■ chat with owners in real-time mode.
New Applications
Mobile Web Servers are different from ordinary computers in the following ways. 1. Owners almost always carry their phones with them. Thus, the server is moving around. 2. Phones usually have special features such as a GPS, camera, and so forth. 3. Large numbers of Web servers can be added to the Internet as there are more mobile phones than computers. Also, most mobile phones are less expensive than ordinary computers.
Mobile Web Server enables us to create many new applications. Examples of these new applications include:
Traffic P2P systems
Many cities have installed cameras to monitor traffic and provide snapshots (or video images) to Web users, but there are not enough cameras to cover every road. Furthermore, a government Web server would be overloaded if it needed to broadcast the images of several thousand cameras simultaneously. A better system is required. If a sufficient number of owners of phones with a GPS or other location-based technology [2, 4] , camera, and mobile Web server joined a P2P system (Figure 1 before they drive. Users of this P2P system could search for the position of available phones on a particular road or position. They could then ask the phone to take a picture and send it back to their phones or PCs instantly without any intervention by the phone owner. Thus, they could determine traffic conditions in real-time mode.
• Schedule Support System A secretary could update the calendar on the mobile phone of his/her boss. Such updating could include new appointment or meeting cancellation notices. The update could be carried out when the boss is in a meeting outside the company offices. The boss could be sure that the calendar is always up to date and there would be no need to call his/her secretary.
Many computer navigation systems can calculate the shortest path from one point on a map to another. However, this ignores real traffic conditions. Thus, the path shown is not the best in terms of the travel time required. If there were enough phones on the P2P system, then each mobile phone could report its position regularly. The average time and speed to pass a street could be calculated. Then, instead of the shortest path being calculated 2 , the fastest path for drivers could be calculated.
War reporting systems
Mobile Web Server could be helpful to war reporters or newspaper editors. As war reporters often need to run to seek shelter, they might have problems in finding the time to organize materials and transmit them back to their offices on time. Reporters could take pictures with their phone cameras, and record their stories with their phone recorders and store these stories as sound files. With a GPS or other location-based technology, the exact location could be retrieved and incorporated 10, 19 into the photo and sound files. Editors/supervisors at the office could then download these files from phones.
Alternatively, the server could transmit files automatically if a wireless network was available. Editors could then write the story based on the sound files and select the right pictures. Thus, the work could be effectively split between the reporter and editors, and the story could be brought to readers much sooner.
The same idea could be extended to other time-critical reporting. This new operation model would effectively split the work of reporters and editors, and could have a far-reaching effect on journalism.
Weather monitoring systems
It would be easy to add sensors to phones. These sensors could measure air temperature, barometric pressure, and sound and pollution levels. The cost of adding these sensors would not be expensive because of mass production.
Observatories provide weather information, including temperature, to citizens. However, the temperature in different regions of a city can vary greatly. Through a P2P system with temperature measurement via mobile phones, we could select a mobile phone in a certain region and ask it to provide a reading. Observatories could also use the data to produce more accurate and detailed broadcasts.
Vehicle management systems
Corporations could use the mobile Web server to manage vehicle fleets. For example, a transportation company could place a mobile phone in front of the driver with the camera pointing down the road. The phone could automatically transmit photos and the position of the truck to the office. The company could also use the phone to communicate with drivers through voice and/or SMS. SMS is better than voice communication as it can minimize misunderstandings.
Although some transportation companies have already installed a GPS and communication system in their vehicles, the server would provide an inexpensive way (both installation and maintenance) to serve these functions. It is also flexible because a phone can be transferred easily and quickly from one vehicle to another.
POWER-SHARING PROTOTYPE
Some computing jobs can take several hours to complete. It is not realistic to expect a user to hold his/her phone for such a long time. A prototype has been developed to prove that a phone can use the computing power of many computers simultaneously. Basically, it is a power-sharing P2P system [7] , and allows mobile phones and computers to act as peers. The implementation details and source programs are available in a book [8] of the author. The prototype ( Figure 2 ) works in the following way:
1. A phone sends its request and input data to a coordinator (Tier 1 server) through the Internet. The coordinator is a mobile phone or computer with a Web server. 2. The coordinator divides the job into many sub-tasks. 3 . The coordinator sends one sub-task to one computer (Tier 2 server).
4.
Each participating computer processes the sub-task and sends the result back to the coordinator. 5. The coordinator collects all of the results from the participating computers and consolidates the results. 6. The coordinator sends back the results (on a Web page) to the originating mobile phone. For some computationally intensive jobs, a P2P system with many computers might not be able to provide answers quickly. In such cases, the prototype can send the answer to users through SMS or MMS (Figure 3 ).
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TRADITIONAL WEB SERVER VS. MOBILE WEB SERVER
Many companies offer Web hosting services. Individuals and corporations can upload their Web pages on the Web servers of these companies. The services of some hosting companies are even free of charge for individuals. However, Mobile Web Server provides the following advantages.
• Owners have complete control over the content of their phones. As most users almost always carry their mobile phones, they can update the content immediately. For example, after taking pictures with the phone, they can share the images with their selected friends and relatives immediately or at another, more convenient time. Owners need not upload the contents to a remote server. • When users upload files to a server that they do not own, they need to trust the security features of the Web server. For example, they might want only a special group of people (e.g., family members) to share the information (e.g., photographs or a calendar). They must rely on the security features of the third-party Web server and trust that it will perform properly. • The administrator of a public Web server can access/modify any files on a computer. Users must trust that the administrator will not abuse his/her power. • Web hosting companies might have financial problems (e.g., in the current financial crisis). Users might lose their files or suffer from the interruption of services if these companies go bankrupt.
OTHER BENEFITS FOR INDIVIDUAL OWNERS
• If owners forget to bring their phones, then they can access the phone's content through any computer with an Internet browser. It is also possible to check the "missed calls", read the latest SMS message and instruct the phone to reply (with SMS). • Some phone manufacturers offer software packages that allow owners to synchronize the phone's address book and calendar with their personal computer. Owners can update their files on their computers and later synchronize them. However, this approach has several weaknesses compared with Mobile Web Server, as follows: ■ The synchronization package must first be installed in the computer. This might not be possible if the owner is using a computer at a coffee shop, or is overseas and using a friend's computer. ■ A cable is required to connect the phone with a computer whereas Mobile Web Server enables wireless communication.
■ The software packages from each phone manufacturer come with different human computer interface (HCI) designs. However, owners can use ordinary Web browsers such as IE or Firefox to access their files through Mobile Web Server. There is no need to learn how to use new software as almost everyone knows how to use a Web browser. • A mobile phone can serve a request from a client automatically without the intervention of its owner. As modern phone operating systems can handle the execution of multiple programs at the same time, the owner can also simultaneously make phone calls, send SMS messages, and work on other activities.
IMPACT ON SOFTWARE DEVELOPERS
Some applications display a large amount of information on the screen or need a large amount of input data. It can be frustrating for users to frequently run these applications on their phones. Easy of use as well as fitting a particular user's needs are crucial factors affecting the phone owners' in adopting wireless service [18] . A user-friendly logical interface of wireless phones would also affect the adoption among individual consumers [9, 13] .
Using mobile web servers, phone owners can access a computer with a Web browser at home, the office, or in a public place such as a coffee shop. They can use the computer to read and update the contents of their phones wirelessly, which solves the problems of the small screen and keyboard of the phone. Since there are different platforms for mobile operating systems such as the open-source platform and the proprietary one, software developers have to develop their applications for different platforms [16] respectively. New applications can be run under the Mobile Web Server and do not need to interact directly with operating systems. Also, application programmers do not need to take care of the interfaces of different operation systems. It is easier to port applications to different platforms if they use the same Web server. Even if different Web servers are used, the interface among Web servers is more standard than that among operating systems.
We can use an ordinary Internet browser to ask a remote Web server to run a program, which provides a simple way to remotely invoke a program on the phone. Many applications can be developed in this mode.
The Mobile Web Server is a ported version of Apache. As Apache is an opensource software and the most popular Web server for computers, there are many existing software packages. These packages can be ported to mobile phones without major modifications. As the software package is running under the Web server, the problem of different operating systems is overcome.
Multiple Servers Peer-to-Peer Model
We have designed a model (Figure 3 ) that fulfills the foregoing requirements. It is an extension of our previous work [7, 8] and operates in the following fashion. The owner of a mobile phone requests a web page from a remote site by typing in the URL (or using a bookmark that is stored in the phone's memory). After obtaining the web page, the user can then type in the necessary data and send it to the tier 1 web server. The tier 1 web server will invoke a servlet that divides a single task into many small sub-tasks. These sub-tasks are stored in a queue on the hard disk of the system.
The tier 1 server then sends an HTTP message to a tier 2 server, which then invokes another servlet. The tier 1 server then transfers a sub-task to the tier 2 server for further computation (note that there are many tier 2 servers in the system but only one tier 1 server, as shown in Figure 3 . We call the tier 2 servers the 'power servers', as they serve computing power to the client).
The tier 2 servers then send the results of the computation to the tier 1 server. If there are sub-tasks remaining in the queue, then the tier 1 server will send them out to the tier 2 servers, and will again collect the results.
EXPERIMENTS AND ALGORITHM
We used a travelling salesman problem to test the performance of the model, because it features a small amount of data but needs intensive computing power to solve. Experiments were conducted with different numbers of tier 2 servers from 2 to 10 (2 < − p < − 10), and each experiment was repeated 10 times using different sets of data files. The average time and "speedup" were recorded. The speedup was calculated from the time tier 1 server initiated the job to the moment it got the final answer. They are compared with Azis's experiments [1] and are plotted in Figures 4 .
We presented the pseudo codes of the operations as follows: 
CONCLUSION
Software developers should develop more new application by integrating the phones and computers. However, In order to have wide spread use of mobile web servers, there are bigger challenges ahead. These challenges include:
• Security -Individual phone owners do not have the knowledge to set the security levels [3, 12] of a web server. We need to educate the end users and develop more user-friendly interface.
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Smart Phones and Multi-Servers • Battery -Better batteries [17] are required to support applications with smart phones. • IP address -Phones do not have a permanent IP address. At this time, mobile phones must register their addresses through a gateway computer (Figure 4) . A Web browser communicates with the gateway computer, which conveys messages for the Web browser and remote mobile Web server. However, the Web browser and server do not communicate directly with each other, which create a time delay. The delay is significant if the transmission volume is high. As we are moving from the existing IPv4 to IPv6 structure [15] , we can have more IP addresses. It will be possible, therefore, to assign a unique address to each mobile device [14] in the future. The role of the gateway computer can then be eliminated. • Speed and costs -Existing transmission speed for phones is not satisfactory for some real-time applications. The communication costs for some applications are expensive too. 4G, Wimax [11] or other faster/ less expensive systems are required in the future. • Privacy -Owners with a GPS or other location-based technology on their phones reveal their location to other users. However, this information can be abused by other users, which might deter mobile phone owners [6] from joining integrated P2P systems. Developing ways to protect the privacy of owners will be a challenge for application developers.
